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Abstract. Vol ume m xing ratio (VMR)
profiles of 0CS, HCN, SF,, &nd CHCEF,
(HCFC-22) were neasured near 30°N
latitude by the Atnospheric  Trace
Molecule Spectroscopy Fourier transform
spectrometer during shuttle flights on 29
April-6 May 1985 and 3-12 Novenber 1994.

The change in the concentration of each
mol ecul e in the | ower stratosphere has
been derived for this 9%-year period by
conparing measurenents between potential
tenperature of 395 to 800 K (~17 to 30
kmaltitude) relative to simultaneously
measured values Of the long-lived tracer
N0, [Ratios of the 1994-to0-1985 VMRs and
t he corresponding exponential increase
rates inferred from these comparisons are
0.94£0.03 and (-0.610.3)¢ yr™? for o0cs,
1.0940.09 and (0.940.9)% yr! for HCN,

1.96*0. 06 and (7.10.3)s yr™t for SF,

2,08%0.24 and (7.741.2)% yr™® for CHGIF,
(HCFC-22), 1 sigma. These results have
been conpared with trends raported in the
literature.

| ntroduction

The  Atmospharfe Trace Mlecule
Spectroscopy (ATMOS) i nstrument is a
0.01-cm™® resol uti on Fourfer transform
spectronmeter (Fr8) designed to record
broadband, wmidinfrared sol ar occul tation
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spectra Of the middle atrnosphere from | ow
Earth orbit [Farmer, 1987], To date, the
ATMOS FT8 has fl own 4 times onboard the
shuttle as part of the Spacelab 3 (29
April-6 May 1985), ATLAS (At nospheric
Laboratory for Applications and Science)
1 (24 March-2 April 1992), ATLAS 2 (8-17
April 1993), and ATLAS 3 (3-12 Novenber
1994) mwissions. Gunson et al. [1996]
have provi ded a summary of the sclentiffc
obj ectives of the ATMOS experinent and a
plot of the latitudinal and [ongitudinal
coverage Of the observations recorded
during each flight,

An inportant overlap in coverage
occurred at 28°N-33°N |atitude where xx
and xx occul tations were recorded at
sunset during the Spacelab 3 and ATLAS 3
flights, respectively. The middle
at mosphere profiles of more than 2 dozen
molecules derived fromthese wmeasurements
provi de a uni que record of changes in
stratospheric conposition at northern
| oner mid-latitudes over the 94 years
separating the 2 missiona, An eval uation
of changes in stratospheric chlorine
| oadi ng [Zander et al., 1996a] and
strat ospheric CF, has been reported on the
basis of these observati ons [Zander et
al,, 1996b]

The purpose of the present Letteris
touse the Spacelab and ATLAS 3
nmeasurements in this common |atitudinal
band to assess changes in the vol une
mixing rati os (VNRs) of 4 inportant trace
nol ecul es: OCS, HCN, S8Fg, and CHCAF,
(HCFC-22), For each nolecule, the
measuted VMRs in the |ower stratosphere
are referenced to sinultaneous values for
the conserved, 1long-lived dynanica
tracer N0 to remove the contribution of
at nospheri c dynamicals t0 the observad
variations of the target nolecules, The
1985-1994 trends inferred fromthe VMR
di fference have been conpared with
values reported in the literature for the
sanme time period.

Spectroscopi ¢ Analysis

The pressure-temperature and
constituent profiles were derived from
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the ATMOS spectra with the Cccultation
Display Spectra (ODS) onion-peeling
retrieval ® [ gorithm [Norton and Rinsland,
1991] and the 1995 ATMOS |ine paraneters
conpi | ation [Brown et al,, 1996], Not e
that except for HON, the spectroscopie
parameters for the target nolecul es were
significantly changed as conpared with
those ON t he previous versi on of the
ATMOS database [ Brown et al., 1987]. A
synopsis Of the procedure used to produce
the version 2 VMR profiles reported in
this paper has been provided by Abrams et
al, [1996]. The ¢o, profile is a
fundanental assunption in the ATMOS
analysis procedure as it s the basis for
bot h the  pressure-temperature  and
subsequent VMR retrievals, The €0, VMRs
agaumed for the Spacelab 3 mi ssion
corresponda t 0 a decreasing from 3,40 x
10" at the surface to 3,33 x 107 in the
m ddl e and upper stratosphere. The
correspondi ng values for the ATLAS 3
mission are 3,64 x10™ and 3,51 x 107
respectively,

For OCS and HGN, narrow intervals
(“mierowindows”) containing isolated,
unbl ended spectral features were fitted
by line-by-1line methods over prespecified
ranges i N tangent altitude, A weighted
mean and wei ghted standard deviation of
the 4ndividual profilex were then
cal cul ated foreach occul tation and

interpolated t0 a potential tenperature

(8) grid. Six 0C8 microwindowa in the vy

band provi ded coverage between altitudes

of 5 and 25 km, Ten microwindows in t he
vy band were used to measure HCN between
altitudes of 6 and 30 km  The profiles
for SFg and CHCLF, were derived from
unresol ved Q branches on the basis of

tenperature and pressure  dependent
absorption coefficiants, A single
microwindow was fitted for each nolecule,

For 8Fg, the nicrowindow spanned 945,0 to
952.0 em™, covering the intense v, band Q
branch between altftudes of 13 to 20 km

For CHC&F;, a 0.5-cm™ wide microwindow
centered at 829.05 cma was used

measure the 2wy Q branch between 13 and 33
km. Exanmples of the target features in
1 ower stratospheric ATMOS solar
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occul tation spectra have been presented
previously [2ander et al. , 1987; 1988;
Rinsland et al., 1993], Profiles of N0
are obtained by conbining neasurenents
from microwindews in Several bands,
depending on the filter selected for the
occultation. G ound-based spectroscopic
measurements indicate an average N0
exponenti al rate  of i ncrease of
(0.3610.06)% yr™ Dbetween 1984 and 1992
[2ander et al., 1994a], Based on this
result, the VMR changes for each molecule
noted bel ow have been multiplied bg 0. 966
to correct for the N,0 increase between
1985 and 1994. Measurenents with
relative uncertainties |arger than 20%
for HCN, ocs, and 8F, and 359 for CHCAF,
have been excl uded from the analysis,

Resul ts

Carbonyl Sul fi de (ocs)

Figure 1 presents the o0cSs VMR
nmeasur ement s plotted versus t he
si nul t aneousl y measured N,0 VMRs, The
solid and dashed lines show 0GCS VMRs
derivad by averaging the measurements in
fntervals Of 0,1 in 1loglOo(N20), The
1994-t0-1985 008 VMR ratio derived from
these averages is 0.94 & 0,03, 1 sigma.
Assuming an exponential nodel for the ocs
VMR increase with time, the corresponding
trend is (-0.6+0.3)¢ yr''. Hence, no
significant change in the ocs VR in the
| ower stratosphere occurred over this
tinme period,

The inference of a negligible leng.
termoc¢s trend is consistent with the
results obtained from high resol ution
ground- based IR measurementa [Rinsland et
al., 1992 , Total colums retrieved from
spectrarecorded at the National Solar
Cbservatory (NSO, 31.9°N 1latitude,
111.6°w | ongi tude) between May 1977 and
March 1991 showed a trend of (0.1t0.2)s
yr'l, 2 sigma, while simlar Deasurenents
at the International Station of the
Jungfraujoch (ISSY, 46,5°N latitude,
8.0°E |ongitude) between Cctober 1984 and
April 1991 yielded a trend of (-0.1%0.5)%
yr!, 2 sigma.  Budget studies suggest
that the main sources of 0€$ are natural
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wth ©biomass burning, the largest
anthropogenic source, contributing about
108 to the total [Khelll and Rasmussen,
1984; crutzen and Andreae, 1990], The
eruption of Mount Pinatubo (15.14°N,
120.35*E) in the Philippines on June 15,
1991, produced the largest voloanic input
to the stratosphers ever observed by
satellite instrunent [MeCormick, 1992],
but as shown here, apparently no
slgnificant long-term change in lower
stratospheric OCS resulted.

Hydrogen Cyani de (HCN)

Figure 2  presents the |ower
stratospheric HCN WMRs plotted versus the
simultaneous measurenents of N,0 VMRs,
The format is the same as in Fig, 1.
Based on the mean and standard deviation
cal cul ated fromthe aversges shown by the
solid and dashed lines, the 1994-to0-1985
HCN VMR ratio 1s 1.09 + 0.09, 1 sigma.
This val ue corresponds to a exponential
increase rate of (0.940.9)s yr™ . Hence,
there 4s& marginal evidence for an
Increase in HCN VMRs In the |ower
stratosphere over the 9% year period
separating the spacalsb 3 and ATLAS 3
miseions,

To our know edge, the only previous
investigation of the HCN long-term trend
was reported by Mahieuw et al, [1995], In
that study, high resolution ground-based
IR measurenents obtained at NSO between
June 1984 and June 1993 and at 1883
bet ween Hay 1978 and July 1992 were
anal yzed to derive total vertical colum
abundance s. Excluding the springtime
measurements above both stations, whi ch
showed variable i ncreases associated with
el evat ed concentrations near the ground,
HCN |ong-term colum trends of (-
0,30sv,350)% yr=  above NSO  and
(0.9910, 51)8 yr’! above 158J were deduced.
Hence, the present results are are in
better agr eement with t he 1S8J
measurements [Mshieu et al,, 1.995], which
suggest a small, 1leng-term increase in
HCN anmounts may have occurred,
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Sulfur hexafluoride (SFy)

The Spacelab 3 and ATLAS 3 lower
stratospheri c measurements of SF, near
30'N latitude are presented in Pig, 3. A
substantial VMR increase over the 9k
years sgepsrating the 2 rnissionsis
readily apparent, Based on the averages
illustrated by the solid and dashed
lines, the 1994-t0-1985 8F, VMR ratio in
the lower stratosphere {s 1.9510,06, 1
sigma, which  corresponds to an
explonential increase rate of (7.140.3)%
yr .,

Theprasent result is in excel | ent
agreement with 3 recent deternination of
the SFy long-termtrend, all based on high
resolution infrared solar absorption
spectra, Rinsland et al, [1990] deduced
an  exponenti al increase rate of
(7,4*1,9)% yr™ from conparison of solar
occul tation measurements recorded near
30°N | atitude between March 1981 and June
1988 in the 12.18 km altitude region,
Zander et al, [1991) reported 8F, total
colum exponential increase rates Of
(6.617.2)8 yr*, 2 sigma, above NSO
betwean March 1981 and June 1990 and
(6.912.8)s yr"!, 2 siguma, above I§§J
bet ween June 1986 and June 1990, The
larger uncertainty in the NSO neasurenent
was the result of the increased
difficul tY in measuring SFy from a
relatively low altitude site where strong
HC and co, interference overlap the
target $r, vy band Q branch (the NSO FTS
fs at an altitude of 2095m as conpared to
3s8om for the 1SSJ Frs). An exponenti al
increase rate of (8.7+2.2)syrt, 2 gigma,
was inferred by comparing University of
Denver (32°N), ATMOS Spacelab 3 (31-N),
and ATMOS/ATIAS 1 (28°s, 54's)
measurements in the 12-18 km altitude
regi on afterapplying a small correction
for the 8F, interhemispheric (gradi ent
based on O odel calculation [Rinsland et
al., 1993 ,

Al t hough t he at mospheric
concentration of SFg 1s continuing toO
increase rapi dly and the gas is likely to
have a very leng |lifetinme, {ts abundance
is very |ow, The projected greenhouse
warmng potential of sk en a per nolecul e

NOU 2 *95 @3:12 g4 864 7' 790 PAGE . BB?




|

11-02-1995 12:01 804 864 7790 CDB BRANCH P.08

T

baeis {s high, but the net warming due to
§Fywill remain negligible with respect to
that of 60, at least through 2010 (Ko et
al., 1993].

CHCEF, (HCFC-22)

The Spacelab 3 and ATLAS 3
measurement conpari son shewn in Figure 4
shows tha substantial Dbuil dup of
hydrochlorofluerocarbon (HCFC)-22 t hat
has occurred inthe | ower stratosphere in
response to the increasing use this
molecule as a substitute fOr the "GFCs,
particul arly CGA;F, (CFC-12) and CGA4F
(CFC-11) [AFEAS, 199le,b]. A 1994-to-
1985 HCFC-22 lower stratospheric VMR
ratio derived from these neasurenments is
2,08%0,24, 1 signa, which corresponds tO
an exponential HCFC-22 increase rate Of
(7.741.2)8 yx?,

The present result 1s in good
agreenent with recent IR and in Situ
HCFC-22 trend determ nations, Zander et
al. [1994] reported total col um
exponentl al increame rates Of (7.010.23)%
yt™ above NSO from Decenber 1980 to April
1992 and (7.040.35)s yr! above 1SSJ from
June 1986 to Novenber 1992 while Irion et
al. [1994] inferred an exponential total
col um 1inorease rate of (6,720.5)% yr'! on
the basis of ATMOS | R aolar spectra
recorded from the Table Muntain
Facility, Wrightwood, California
(34.4°N), between Cctober 1985 and July
1990, A slightly higher growth rate of
(7.320.3)% yr! vas deduced by Montzka et
al.  [1993] fromsurface anbient air
sanpling weasurements from mid-1987
through 1992, Sol ar occultation IR
meagurements near 30°N | atitude between
March 1981 and June 1988 al so yielded a
hi gher exponent i al increase  rate,
(9.4%1.3)% yr! in the 12-18 km altitude ,
regi on [Rinsland et al., 1990]. oy

Enpirical | y-baaed determinations/ “
gl obal ozone depletion potentials for
HCFC-22 are aes nuch as a factor of 2
larger t han values from sone gas phase
model s [ Sol omon et al,, 1992] , This
result, coupled with the steady increase
in atnmospheric HCFC-22 concentrations
indicated by  recent neasur enment s,
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suggests that HCFC-22 will continue to be
ban  {mportamt “contributor to ozone
depletion | N the stratosphere,
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Flgure Captions

Fig. 1. ATMOS Spacelab 3 e nd ATLAS 3
VMRs Oof ocs plotted versus Sinultaneously
measured N0 VMRa (both in ppbv, 10-0),
The measurements ware obtalned between
latituder of 26*N and 33°N and O between
395 K and 800 K (altitudes of =~17 to 30
km . B8olid and dashed |ines show average
0cs VMRe cal cul ated as & function of N;0
from the 1985 and 1994 wmeasurements,
respectively, &ee text for details,

Fig, 2. ATMOS Spacelab 3 and ATLAS 3
VMRa of HCN plotted versus simultansous
measured N;0 VMRs (both in ppbv, [0-Q .
The neasurenents were obtained between
latitudes of 26" N and 33*N and o between
395 K and 800 K (altitudes of ~17 to 30
k., Solid and dashed lines show average
HCN WVMRs cal cul ated ae a function of N0
from the 1985 and 1994 neasuremnents,
respectively. 8ee text for details,

Fig. 3, ATMOS 8pacelsb 3 and ATIAS 3
VMRs of SFy pl otted versus simultaneous
measured N,0 VMRs (both in ppbv, 107%),.
The measursments Wer e obtai ned between
latitudes Oof 26*N and 33*N and e bet ween
395 K and 800 K (altitudes of ~17 to 30
kn , Soldd and dashed lines Show average
§F, WMRs cal cul ated as a function of N0
from the 1985 and 1994 neasurenents,
rappectively. See text for details,

Fig. 4. ATMOS Spacelsad 3 and ATLAS 3
VMRs of GHCARF, (HCFC-22) pl otted versus
simultaneous 'measured N;,0 VMRs (both in
ppbv, 1079, The measurements ware
obt ai ned bet ween latitudes of 26°N and
33*N and 6 between 395 K and 800 K
(altitudes of ~17 to 30 km). Solid and
dashed lines show average HCFC-22 VMR
calcul ated as a function of ;0 from the
1985 and 1994 measurements, respectively.
See text. for details.
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Figure 1
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Figure 2°

COMPARISON OF SL.3 AND ATLAS3, 26 N-33N. PT=395K~800K
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Flgure 4
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COMPARISON OF SL3 AND ATLAS3, 26 N—33N, PT=395K~800K
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